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(g) Process for producing bimodal ethylene polymers in tandem reactors. 

@ A process is provided for producing a bimodal ethylene polymer blend comprising contacting in a 
first gas phase, fluidized bed reaction zone under polymerization conditions, a gaseous monomeric 
composition comprising a major proportion of ethylene and, optionally, hydrogen, with a Ziegler-Natta 
catalyst, the hydrogen/ethylene molar ratio (H2/C2 ratio) being no higher than about 0.3 and the ethylene 
partial pressure being no higher than about 100 psia, to produce a relatively high molecular weight 
(HMW) polymer associated with catalyst particles, transferring the HMW polymer associated with 
catalyst particles to a second gas phase, fluidized bed reaction zone into which is also fed hydrogen and 
a gaseous monomeric composition comprising a major proportion of ethylene, under polymerization 
conditions including an HJO2 ratio of at least about 0.9 and at least about 8.0 times that in the first 
reaction zone, and an ethylene partial pressure of at least 1.7 times that in said first reaction zone, to 
produce a low molecular weight (LMW) polymer deposited on and within the voids of the HMW 
polymer/catalyst particles, the resulting bimodal polymer blend obtained from the second reaction zone 
having a fraction of HMW polymer of at least about 0.35. 
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The invention relates to a process for producing bimodal ethylene polymer compositions comprising a mixt- 
ure of relatively high and low molecular weight polymers by gas-phase, fluidized bed polymerization in tandem 
reactors. 

In accordance with this invention, bimodal ethylene polymer blends having a desirable combination of pro- 

5 cessability and mechanical properties are produced by a process including the steps of polymerizing gaseous 
monomelic compositions comprising a major proportion of ethylene in at least two gas phase, fluidized bed 
reactors operating in the tandem mode under the following conditions. In the first reactor, a gas comprising 
monomelic composition and, optionally, a small amount of hydrogen, is contacted under polymerization con- 
ditions with a Ziegler-Natta or coordination catalyst comprising a transition metal compound as primary catalyst 

10 component and a reducing agent such as an organometallic compound or metal hydride as cocatalyst, at a 
hydrogen/ethylene molar ratio of no higher than about 0.3 and an ethylene partial pressure no higher than about 
100 psia such as to produce a relatively high molecular weight (HMW) polymer powder wherein the polymer 
is deposited on the catalyst particles. The HMW polymer powder containing the catalyst is then transferred to 
a second reactor with, optionally, additional cocatalyst which may be the same or different from the cocatalyst 

15 utilized in the first reactor but with no additional transition metal catalyst component, together with a gaseous 
mixture comprising hydrogen and monomeric composition wherein additional polymerization is carried out at 
a hydrogen/ethylene molar ratio of at least about 0.9, the ratio being sufficiently high such that it is at least about 
8.0 times that in the first reactor, and an ethylene partial pressure at least 1.7 times that in the first reactor, to 
produce a relatively low molecular weight (LMW) polymer much of which is deposited on an within the HMW 

20 polymer/catalyst particles from the first reactor, such that the fraction of HMW polymer in the bimodal polymer 
leaving the second reactor is at least about 0.35. 

The foregoing conditions provide for a process wherein the production of fines tending to foul compressors 
and other equipment is kept to a relatively low level. Moreover, such conditions provide for an inhibited level 
of productivity in the first reactor with a resulting increased level of productivity in the second reactor to produce 

25 a bimodal polymer blend having a favorable melt flow ratio (MFR, an indication of molecular weight distribution) 
and a high degree of homogeneity (indicated by low level of gels and low heterogeneity index) caused by a 
substantial degree of blending of HMW and LMW polymer in each final polymer particle inherently resulting 
from the process operation. The bimodal blend is capable of being processed without undue difficulty into films 
and containers for household industrial chemicals having a superior combination of mechanical properties. 

30 The drawing is a schematic diagram of a process illustrating the invention. 

The gaseous monomer entering both reactors may consist wholly of ethylene or may comprise a prepon- 
derance of ethylene and a minor amount of a comonomer such as a 1 -olefin containing 3 to about 1 0 carbon 
atoms. Comonomeric 1-olefins which may be employed are, for example, 1-butene, 1-pentene, 1-hexene, 4- 
methyl-1-pentene, 1-octene, 1-decene, and mixtures thereof. The comonomer may be present in the mono- 

35 meric compositions entering either or both reactions. 

In many cases, the monomer composition will not be the same in both reactors. For example, in making 
resin intended for high density film, it is preferred that the monomer entering the first reactor contain a minor 
amount of comonomer such as 1-hexene so that the HMW component of the bimodal product is a copolymer, 
whereas the monomer fed to the second reactor consists essentially of ethylene so that the LMW component 

40 of the product is substantially an ethylene homopolymer. When a comonomer is employed so as to obtain a 
desired copolymer in either or both reactors, the molar ratio of comonomer to ethylene may be from 0.005 to 
0.7, preferably from 0.04 to 0.6. 

Hydrogen may or may not be used to modulate the molecular weight of the HMW polymer made in the first 
reactor. Thus, hydrogen may be fed to the first reactor such that the molar ratio of hydrogen to ethylene (H 2 /C 2 

45 ratio) is, for example, up to about 0.3, preferably from 0.005 to 0.2. In the second reactor it is necessary to pro- 
duce a LMW polymer with a low enough molecular weight and in sufficient quantity so as to produce a bimodal 
resin which can be formed, with a minimum of processing difficulties, into end use products such as films and 
containers for household industrial chemicals having a superior combination of mechanical properties. For this 
purpose, hydrogen is fed to the second reactor with the ethylene containing monomer such that the hydrogen 

so to ethylene mole ratio in the gas phase is at least about 0.9, preferably from 0.9 to 5.0 and most preferably 
from 1 .0 to 3.5. Moreover, to provide a sufficient difference between the molecular weights of the polymers in 
the first and second reactor so as to obtain a bimodal resin product having a wide enough molecular weight 
distribution necessary for the desired levels of processability and mechanical properties, the hydrogen to 
ethylene mole ratios in the two reactors should be such that the ratio in the first reactor, for example from 8.0 

55 to 10,000 times such ratio, and preferably 10 to 200 times the ratio in the first reactor. 

Utilizing the hydrogen to ethylene ratios set out previously to obtain the desired molecular weights of the 
HMW and LMW polymers produced in the first and second reactors respectively tends to result in relatively 
high polymer productivity in the first reactor and relatively low productivity in the second reactor. This tends to 
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result in turn in a bimodal polymer product containing too little LMW polymer to maintain satisfactory proces- 
sability. A significant part of this invention lies in the discovery that this effect can be largely overcome by 
employing ethylene partial pressures in the two reactors so as to reduce the polymer productivity in the first 
reactor and raise such productivity in the second reactor. For this purpose, the ethylene partial pressure 

5 employed in the first reactor is no higher than about 1 00 psia, for example from 1 5 to 1 00 psia, preferably from 
20 to 80 psia and the ethylene partial pressure in the second reactor is, for example from 26 to 170 psia, pref- 
erably from 70 to 120 psia, with the ethylene partial pressures in any specific process being such that the ratio 
of ethylene partial pressure in the second to that in the first reactor is at least about 1 .7, preferably from 1 .7 to 
7.0, and more preferably from 2.0 to 4.0 

10 If desired for any purpose, e.g., to control superficial gas velocity or to absorb heat of reaction, an inert 

gas such as nitrogen may also be present in one or both reactors in addition to the monomer and hydrogen. 
Thus the total pressure in both reactors may be in the range, for example, from 100 to 600 psig, preferably 
from 200 to 350 psig. 

The temperature of polymerization in the first reactor may be from 60 to 130°C, preferably from 60 to 90°, 

15 while the temperature in the second reactor may be from 80 to 130°C, preferably from 90 to 120°C. For the 
purpose of controlling molecular weight and productivity in both reactors, it is preferred that the temperature in 
the second reactor be at least about 1 0°C higher, preferably from 30 to 60°C higher than that in the first reactor. 

The residence time of the catalyst in each reactor is controlled so that the productivity is suppressed in the 
first reactor and enhanced in the second reactor, consistent with the desired properties of the bimodal polymer 

20 product Thus, the residence time may be, for example, from 0.5 to 6 hours, preferably from 1 to 3 hours in the 
first reactor, and, for example, from 1 to 12 hours, preferably from 2.5 to 5 hours in the second reactor, with 
the ratio of residence time in the second reactor to that in the first reactor being in the range, for example, from 
5 to 0.7, preferably from 2 to 1 . 

The superficial gas velocity through both reactors is sufficiently high to disperse effectively the heat of reac- 

25 tion so as to prevent the temperature from rising to levels which could partially melt the polymer and shut the 
reactor down, and high enough to maintain the integrity of the fluidized beds. Such gas velocity is from 40 to 
120, preferably from 50 to 90 cm/sec. 

The productivity of the process in the first reactor in terms of grams of polymer per gram atom of transition 
metal in the catalyst multiplied by 1 0 6 , may be from 1 .6 to 1 6.0, preferably from 3.2 to 9.6; in the second reactor, 

30 the productivity may be from 0.6 to 9.6, preferably from 1 .6 to 3.5, and in the overall process, the productivity 
may be from 2.2 to 25.6, preferably from 4.8 to 16.0. The foregoing ranges are based on analysis of residual 
^ catalyst metals in the resin product. 

The polymer produced in the first reactor has a flow index (Fl or l 21 , measured at 190°C in accordance with 
ASIM D-1238, Condition F), for example, from 0.05 to 5, preferably from 0.1 to 3 grams/10 min. and a density 

35 from 0.890 to 0.960, preferably from 0.900 to 0.940 grams/cc. 

The polymer produced in the second reactor has a melt index (Ml or l 2 , measured at 190°C in accordance 
with ASTM D-1238, Condition E) from 10 to 4000, preferably from 15 to 2000 grams/10 min. and a density from 
0.890 to 0.976, preferably from 0.930 to 0.976 grams/cc. These values are calculated based on a single reactor 
process model using steady state process data. 

40 The final granular bimodal polymer from the second reactor has a weight fraction of HMW polymer of at 

least about 0.35, preferably from 0.35 to 0.75, more preferably from 0.45 to 0.65, a flow index from 3 to 200, 
preferably from 6 to 100 grams/10 min., a melt flow ratio (MFR, calculated as the ratio of flow index to melt 
index) from 60 to 250, preferably from 80 to 150, a density from 0.89 to 0.965, preferably from 0.910 to 0.960, 
an average particle size (APS) from 127 to 1270, preferably from 380 to 1100 microns, and a fines content 

45 (defined as particles which pass through a 120 mesh screen) of less than about 10 weight percent, preferably 
less than about 3 weight percent. With regard to fines content, it has been found that a very low amount of 
fines are produced in the first (HMW) reactor and that the percentage of fines changes very little across the 
second reactor. This is surprising since a relatively large amount of fines are produced when the first or only 
reactor in a gas phase, fluidized bed system is used to produce a relatively low molecular weight (LMW) polymer 

50 as defined herein. A probable explanation for this is that in the process of this invention, the LMW polymer for- 
med in the second reactor deposits primarily within the void structure of the HMW polymer particles produced 
in the first reactor, minimizing the formation of LMWfines. This is indicated by an increase in settled bulkdensity 
(SBD) across the second reactor while the APS stays fairly constant. 

When pellets are formed from granular resin which was stabilized and compounded with two passes on a 

55 Brabender extruder to ensure uniform blending, such pellets have a flow index in the range, for example, of 
about 3 to 200, preferably about 6 to 100 grams/10 min., a melt flow ratio in the range, for example, of about 
60 to 250, preferably about 80 to 1 50, and a heterogeneity index (HI, the ratio of the Fl's of the granular to the 
pelleted resin) in the range for example of about 1 .0 to 1 .5, preferably about 1 .0 to 1 .3. HI indicates the relative 
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degree of inter-particle heterogeneity of the granular resin. 

The catalyst used in the polymerization is a Ziegler-Natta catalyst, also referred to in the literature as a 
coordination catalyst. These catalysts are composed of a transition metal compound as primary catalyst com- 
ponent agent, and a reducing agent as cocatalyst, generally an organ ometallic compound, or a metal hydride. 
5 The transition metal may be, for example any of those in Groups IVb, Vb, Vlb of the Periodic Table and is pref- 
erably titanium, e.g., in the form of a halide such as titanium trichloride or tetrachloride, while the metal of the 
organometallic compound or metal hydride may be selected from those in Groups la, Ha or Ilia of the Periodic 
Table, and is preferably aluminum in the form of a hydrocarbyl aluminum such as an alkyl aluminum halide or 
an aluminum trialkyl. 

10 A preferred grou p of Ziegler-Natta catalysts contemplated for use in the process of this invention are those 

in which the transition metal compound is dissolved with at least one inorganic halide of a metal from Groups 

1 la, Ilia or the first transition series other than copper of the Periodic Table, e.g., a magnesium halide such as 
magnesium chloride in a solvent with electron donor properties, e.g., containing carbon-oxygen or carbon-nit- 
rogen bonds. The resulting complex may then be utilized with an organometallic compound or metal hydride 

15 cocatalyst as is in the polymerization process. Advantageously, however, these catalysts are supported on an 
inorganic porous carrier such as a silicon oxide and/or an aluminum oxide. The supported catalyst may be prep- 
ared by impregnating the carrier with transition metal complex before combining it with the organometallic or 
metal hydride cocatalyst inside or outside the reactor to form the final supported catalyst. 
One suitable class of catalysts of the foregoing category comprises: 
20 (i) a catalyst precursor complex or mixture of complexes consisting essentially of magnesium, titanium, a 

halogen, and an electron donor; and 
(ii) at least one hydrocarbyl aluminum cocatalyst. 

The titanium based complex or mixture of complexes is exemplified by an empirical formula Mga. 
Ti(OR)bXc(ED) d wherein R is an aliphatic or aromatic hydrocarbon radical having 1 to 1 4 carbon atoms or COR' 
25 wherein R' is an aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms; each OR group is alike 
or different; X is CI, Br, or I, or mixtures thereof; ED is an electron donor, which is a liquid Lewis base in which 
the precursors of the titanium based complex are soluble; a is 0.5 to 56; b is 0,1 , or 2; c is 1 to 1 16, particularly 

2 to 116; and d is 2 to 85. 

The titanium compound, which can be used in the above preparations, has the formula Ti(OR)aX b wherein 
30 R and X are as defined for component (i) above; a is 0, 1 or 2; b is 1 to 4; and a+b is 3 or 4. Suitable compounds 
are TiCI 3 , TiCI 4 , Ti(OC 6 H 5 )CI 3 , Ti(OCOCH 3 )CI 3 and Ti (OCOC 6 H 5 )CI 3 . 

The magnesium compound has the formula MgX 2 wherein X is as defined for component (i) above. Suitable 
examples are MgCI 2 , MgBr 2 , and Mgl 2 . Anhydrous MgCI 2 is a preferred compound. About 0.5 to 56, and pref- 
erably about 1 to 10, moles of the magnesium compound are used per mole of titanium compound. 
35 The electron donor used in the catalyst composition is an organic compound, liquid at temperatures in the 

range of about 0°C to about 200°C. It is also known as a Lewis base. The titanium and magnesium compounds 
are both soluble in the electron donor. 

Electron donors can be selected from the group consisting of alkyl esters of aliphatic and aromatic car- 
boxylic acids, aliphatic ketones, aliphatic amines, aliphatic alcohols, alkyl and cycloalkyl ethers, and mixtures 
40 thereof, each electron donor having 2 to 20 carbon atoms. Among these electron donors, the preferred are alkyl 
and cycloalkyl ethers having 2 to 20 carbon atoms; dialkyl, diaryl, and alkyaryl ketones having 3 to 20 carbon 
atoms; and alkyl, alkoxy, and alkylalkoxy esters of alkyl and aryl carboxylic acids having 2 to 20 carbon atoms. 
The most preferred electron donor is tetrahydrofuran. Other examples of suitable electron donors are methyl 
formate, ethyl acetate, butyl acetate, ethyl ether, dioxane, di-n-propyl ether, dibutyl ether, ethyl formate, methyl 
45 acetate, ethyl anisate, ethylene carbonate, tetrahydropyran, and ethyl propionate. 

The cocatalyst may, for example, have the formula AIR"eX' f H g wherein X' is CI or OR"; R" and R" are satu- 
rated aliphatic hydrocarbon radicals having 1 to 14 carbon atoms and are alike or different; f is 0 to 1.5; g is 0 
or 1 ; and e + f +g = 3. Examples of suitable R, R', R" radicals are: methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
tert-butyl, pentyl, neopentyl, hexyl, 2-methylpentyl, heptyl, octyl, isooctyl, 2-ethyhexyl, 5,5-dimethylhexyl, nonyl, 
so isodecyl, undecyl, dodecyl, cyclohexyl, cycloheptyl, and cyclooctyl. Examples of suitable R and R' radicals are 
phenyl, phenethyl, methyloxyphenyl, benzyl, tolyl, xylyl, naphthal, and methylnaphthyl. Some examples of use- 
ful cocatalyst are triisobutylaluminum, trihexyaluminum, di-isobutylaluminum, hydride, dihexylaluminum hyd- 
ride, di-isobutylhexylaminum, trimethylaluminum, triethylaluminum, diethylaluminum chloride, AI 2 (C 2 H 6 ) 3 CI 3 , 
and AKCzHs^OC^Hs). 

55 While it is not necessary to support the complex or catalyst precursors mentioned above, supported catalyst 

precursors do provide superior performance and are preferred. Silica is the preferred support. Other suitable 
inorganic oxide supports are aluminum phosphate, alumina, silica/alumina mixtures, silica pretreated with an 
organoaluminum compound such as triethyaluminum, and silica modified with diethylzinc, such modifier being 
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used in a quantity sufficient to react with the hydroxyl groups on the support which otherwise tend to react with 
and deactivate part of the titanium in the catalyst, but not in sufficient quantity to function as a cocatalyst. A 
typical support is a solid, particulate material essentially inert to the polymerization. It is used as a dry powder 
having an average particle size of about 10 to 250 microns and preferably about 30 to about 100 microns; a 

5- surface area of at least about 3 square meters per gram and preferably at least about 50 square meters per 
gram; and a pore size of at least about 80 Angstroms and preferably at least about 1 00 Angstroms. Generally, 
the amount of support used is that which will provide about 0.01 to about 0.5, and preferably about 0.2 to about 
0.35 millimole of transition metal per gram of support. Impregnation of the abovementioned catalyst precursor 
into, for example, silica is accomplished by mixing the complex and silica gel in the electron donor solvent fol- 

w lowed by solvent removal under reduced pressure and/or elevated temperature. 

In most instances, it is preferred that the titanium/magnesium precursor not be combined with the hydrocar- 
byl aluminum cocatalyst prior to being fed to the first reactor, but that these components be fed to such reactor 
separately, and that an additional quantity of the hydrocarbyl aluminum cocatalyst be fed to the second reactor 
in an amount sufficient to increase catalyst activity in the second reactor. However, in some embodiments of 

15 the process, it may be desirable to prereduce or activate the titanium/magnesium complex with an amount of 
cocatalyst prior to feeding the complex to the first reactor. When this is done, it is nevertheless often advan- 
tageous to feed additional quantities of cocatalyst to each reactor to maintain the level of activity of or fully acti- 
vate the catalyst. The cocatalyst is fed to each reactor neat or as a solution in an inert solvent such as 
isopentane. If the titanium/magnesium complex is partially activated with cocatalyst prior to being fed to the 

20 reactor, the cocatalyst used for the partial activation may be the same or different from that fed separately to 
each reactor. Preferred cocatalysts for partial activation of the titanium/magnesium complex prior to its being 
fed to the reactor are tri-n-hexylaluminum, diethylaluminum chloride, triethylaluminum and triisobutylaluminum, 
or a mixture of any of these. 

Although not generally preferred, it may be advantageous in some systems to employ a catalyst of the 

25 foregoing type in the form of a "prepolymer," prepared by contacting the titanium/magnesium complex, and the 
hydrocarbyl aluminum cocatalyst with ethylene under polymerization conditions, before the catalyst is fed to 
the first polymerization reactor. 

Broad, exemplary ranges and preferred ranges of molar ratios of various components of the foregoing catal- 
yst systems utilizing titanium/magnesium complexes are as follows: 

30 

Table I 

Catalyst Ocnopanents Broad Exemplary Preferred 
Range Range 



1. 


Mg:Ti 


0.5:1 


to 


56:1 


1.5:1 


to 


5:1 


2. 


Mj:X 


0.005:1 


to 


28:1 


0.075:1 


to 


1:1 


3. 


Ti:X 


0.01:1 


to 


0.5:1 


0.05:1 


to 


0.2:1 


4. 


Mg:ED 


0.005:1 


to 


28:1 


0.15:1 


to 


1.25:1 


5. 


Ti:ED 


0.01:1 


to 


0.5:1 


0.1:1 


to 


0.25:1 


6. 


Cocatalyst used as 
















Partial Activator :Ti 0:1 


to 


50:1 


0:1 


to 


5:1 


7. 


Total Cocatalyst :Ti 


0.6:1 


to 


250:1 


11:1 


to 


105:1 


8. 


£D:A1 


0.05:1 


to 


25:1 


0.2:1 


to 


5:1 



Specific examples of the described catalysts comprising a titanium/magnesium complex, and methods for 
their preparation are disclosed, for example, in U.S. Patent Nos. 3.989,881; 4,124,532, 4,174,429; 4,349,648; 
55 4,379,759; 4,719,193; and 4,888,318; and European Patent application Publication Nos. 0 012 148; 0 091 135; 
0 120 503; and 0 369 436; and the entire disclosures of these patents and publications pertaining to catalysts 
are incorporated herein by reference. 

Another type of catalyst suitable for the process of invention are those utilizing a Ti/Mg complex prepared 
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by the concurrent interacting of a previously dried, solid, porous, inorganic carrier, e.g., silica with a dialkyl- 
magnesium wherein the alkyl group contain, for example, 1 to 12 carbon atoms, e.g., dibutylmagnesium (DBM), 
titanium tetrachloride, and with or without an electron donor, e.g., an ether or ester such as ethyl benzoate, 
tetrahydrofuran, or n-butyl ether. Such a Ti/Mg complex is utilized with a hydrocarbyl aluminum cocatalyst of 
5 the type and in the manner described previously in connection with other types of Ti/Mg complexes in practicing 
the process of this invention. The activity of the catalyst may be enhanced by using as a cocatalyst 
diisobutylaluminum hydride (DIBAH)ortriisobutylaluminum (TIBA) and by feeding isopentane into the first reac- 
tor with the catalyst. 

Still another class of catalysts which may be used in the process of this invention is prepared by treating 

10 a previously dried, solid, inorganic, porous carrier containing OH groups, e.g., silica, with a liquid, e.g., tetrahyd- 
rofuran, containing a hydrocarbyl magnesium, e.g. ethyl magnesium chloride, evaporating liquid from the so- 
treated carrier leaving a magnesium precipitate on the carrier surface, and contacting the resulting powder with 
a solution of transition metal compound, e.g., a tetravalent titanium compound such as titanium tetrachloride, 
to form a transition metal/Mg complex or mixture of complexes on the surface of the carrier. The carrier may 

15 be initially dried in the presence of an oxygen-containing gas such as air rather than an inert gas such as nit- 
rogen. The resulting supported transition metal/Mg complex may be utilized with a hydrocarbyl aluminum 
cocatalyst as disclosed previously with other Ti/Mg complexes, added to the first or both reactors. If hydrocarbyl 
aluminum cocatalysts are added to both reactors, they may be the same or different Various catalysts of this 
type and methods of preparing them are described in U.S. Patent Nos. 4,481,301 and 4,562,169, the entire 

20 disclosures of which are incorporated herein by reference. 

Also suitable in carrying out the process of this invention are catalysts prepared by pre-treating a dried mag- 
nesium oxide (MgO) support with an organic acid, e.g. 2-ethoxy benzoic acid, and contacting the resulting pre- 
treated support material with a titanium compound which is the reaction product of titanium tetrachloride and 
an alkanol having 5 to 12 carbon atoms. The material is then treated with a hydrocarbylaluminum, e.g., tri-n- 

25 hexylaluminum to obtain the supported catalyst, which may be utilized with additional amounts of a hydrocar- 
bylaluminum cocatalyst, e.g., di-n-hexylaluminum hydride (DIBAH), as described previously in connection with 
various Ti/Mg complexes, in practicing the process of this invention. The catalysts are described more fully in 
U.S. Patent Nos. 4,863,886, the entire disclosure of which is incorporated herein by reference. 

Another group of catalysts suitable for the process of this invention are those prepared by treating a mag- 

30 nesium oxide (MgO) support with an organic acid, e.g., 2-ethyxybenzoic acid, acetic acid, or actanoic acid, 
reacting the treated support with titanium tetrachloride, and pre-reducing the catalyst with an aluminum alkyl, 
e.g., triethylaluminum, tri-n-hexylaluminum, diisobutylaluminum hydride, or trimethylaluminum. During polym- 
erization, a cocatalyst is used which may also be an aluminum alkyl such as any of those in the foregoing list 
of pre-reducing agents. 

35 The amount of cocatalyst utilized in the Ziegler-Natta catalyst employed in the process of this invention 

whether for pre-reduction or activation of the catalyst prior to polymerization or added to the first reactor or both, 
is generally in the range, for example, of about 2 to 100 gram atoms of cocatalyst metal, e.g., aluminum, per 
gram atom of transition metal, e.g., titanium, preferably about 5 to 50 gram atoms of cocatalyst metal per gram 
atom of transition metal. Any amount of cocatalyst added to the second reactor is not included in the foregoing 

40 ranges. However, it is preferred that additional cocatalyst be fed to the second reactor to increase catalyst 
activity. 

Referring now to the drawing, catalyst component containing transition metal, e.g. titanium, is fed into first 
reactor 1 through line 2. Ethylene, comonomer, e.g., n-hexene, if used, hydrogen, if used, inert gas such as 
nitrogen, if used, and cocatalyst, e.g. triethylaluminum (TEAL), are fed through line 3 into recyle line 4 where 

45 they are combined with recycle gas and fed into the bottom of reactor 1 . The gas velocity is high enough and 
the size and density of the particles in reactor 1 are such as to form a fluidized or dense bed 5 comprising catalyst 
particles associated with polymer formed by the polymerization of ethylene and, if present, comonomer within 
reactor 1. The conditions in reactor 1, e.g. partial pressure of ethylene, hydrogen/ethylene molar ratio, tem- 
perature, total pressure, etc. are controlled such that the polymer which forms is of relatively high molecular 

so weight (HMW). Recycle gas leaving the top of reactor 1 through line 4 is recompressed in compressor 6, cooled 
in heat exchanger 7 after passing through valve 8 and are fed to the bottom of reactor 1 after being optionally 
combined with make-up gases and cocatalyst from line 3 as described. 

Periodically, when sufficient HMW polymer has formed in reactor 1, the polymer and catalyst 1 are trans- 
ferred to discharge tank 9 by opening valve 10 while valves 1 1 , 12 and 13 remain closed. When an amount of 

55 the HMW polymer and catalyst from reactor 1 which is desired to be transferred has been fed to discharge tank 
9, the transfer system to second reactor 14 is activated by opening valve 13 to force the HMW polymer and 
catalyst into transfer hose 15. Valve 13 is then closed to isolate transfer hose 15 from discharge tank 9 and 
valve 1 1 is opened, ensuring that any gases leaking through valve 13 are vented and do not back-leak across 
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valve 10 into reactor 1 . Transfer hose 15 is then pressurized with reactor-cycle gas from reactor 14 by opening 
valve 16. To minimize upsets in reactor 14, surge vessel 17 is used to store gas for pressuring transfer hose 
15. With valve 16 still in the open position, valve 18 is opened to convey HMW polymer and catalyst into reactor 
14. Both valves 16 and 18 are left open for a period to sweep transfer hose 15. Valves 18 and 16 are then 
5 closed sequentially. Transfer hose 1 5 is then vented by opening valve 1 3, valve 1 1 having remained open during 
the transfer operation. Discharge tank 9 is then purged with purified nitrogen through line 18A by opening valve 
12. 

During the transfer, cycle gas comprising hydrocarbons and hydrogen leaves reactor 14 through line 19, 
is compressed by compressor 20, flows through valves 21, 22 and 23 in line 24 and through surge tank 17, 
10 valve 1 6 and pressurized transfer hose 1 5 as described , thus effecting the transfer of HMW polymer and catalyst 
to reactor 14. 

After the transfer to reactor 14 is effected, the flow of gas from reactor 14 to transfer hose 15 is stopped 
by closing valves 21, 22, 23 and 16. Ethylene, hydrogen, comonomer, e.g., n-hexene, if used, inert gas such 
as nitrogen, if used, and cocatalyst or catalyst component, if used, e.g., TEAL, are fed to reactor 14 through 

15 line 25 after being combined with unreacted cycle gas leaving the top of reactor 14 through line 19 which is 
compressed in compressor 20, cooled in heat exchanger 26 and enters the bottom of reactor 14 through line 
27. The gas velocity and size and density of the particles in reactor 14 are such as to form fluidized or dense 
bed 28 of bimodal polymer particles associated with the catalyst, including the transition metal primary catalyst 
component added to reactor 1. The conditions in reactor 14, e.g., partial pressure of ethylene, hydrogen/ethy- 

20 lene ratio and temperature, are controlled such that a relatively low molecular weight (LMW) polymer forms 
primarily within the voids of the HMW polymer/catalyst particles transferred from reactor 1. After a sufficient 
amount of LMW polymer has formed resulting in a bimodal polymer having a desirable molecular weight dis- 
tribution and other properties, the polymer is transferred to discharge tank 29 by opening valve 30 while keeping 
valve 31 closed. After substantially all the polymer has been transferred to discharge tank 29, it is collected by 

25 closing valve 30 and opening valve 31 , resulting in the pressure discharge of the final polymer product through 
line 32. 

The following Examples illustrate the invention. 
Example 1 

30 

A catalyst was prepared by reacting MgCI 2 , tetrahydrofuran (THF) and TiCl 3 .0.33 AICI 3 , adding the resulting 
complex to dehydrated silica treated with sufficient triethylaluminum to react with the OH groups in the silica 
but not enough to function significantly as partial activator or cocatalyst, drying the resulting silica supported 
catalyst precursor and pre-reducing or partially activating the supported precursor with tri-n-hexylaluminum, as 

35 cocatalyst. The procedure used to prepare the catalyst was substantially that of Example 4 of U.S. Patent No. 
4,888,318 except that the partial activation of the supported magnesium and titanium precursor was carried 
out with tri-n-hexyaluminum alone as partial activator rather than the latter together with diethylaluminum 
chloride as shown in the patent. The free flowing catalyst powder [M-I(V)] contained the following weight per- 
centages of components: Ti, 1.07; Mg, 1.7; CI, 7.5; THF, 14.3; and Al, 1.98. 

40 Using the foregoing partially activated catalyst, a gas phase, fluidized bed polymerization process was car- 

ried out using two reactors operating in the tandem mode as shown in the drawing. The process included the 
feeding of n-hexene as comonomer to reactor 1 (but not reactor 14) and triethylaluminum (TEAL) as cocatalyst 
to both reactors. Nitrogen was used to control the total pressure in both reactors at about 300 psig. Averages 
of other conditions in both reactors, which were controlled to produce a bimodal polymer suitable for being blow 

45 molded into bottles intended for household industrial chemicals (HIC), are shown in Table II, "H2/C2" is the molar 
ratio of hydrogen to ethylene, and ,, C e /C 2 t ' is the molar ratio of n-hexene to ethylene with the gas phase. 
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Table U 



Reactor 1 (HMW) Reactor 14 flMfl 



Temp. (°C) 


84.3 


104.9 


PC 2 = (psi) 


41 


98 


V C 2 


0.049 


1.26 


V C 2 


0.032 


0.0 


TEAL (pptW) 


234 


160 


Throughput (Ib/hr) 


31 


55 


Resid. Time (hrs) 


3.9 


3.4 


Cat. feed (g/hr) 


6.7-7.2 


0.0 



The HMW polymer leaving reactor 1 was found by direct measurement to have a flow index (Fl or l 2 i) of 
20 0.79 g/10 min. and a density of 0.930 g/cc while the LMW polymer produced in reactor 14 was calculated from 
a single reactor process model to have a melt index (Ml or y of 135 g/10 min. and a density of 0.972 g/cc. 

The granular bimodal polymer obtained from reactor 14 had a flow index of 38 g/1 0 min., a density of 0.952 
g/cc, a fines content (defined as particles which pass through a 120 mesh screen) of 1.3 wt%, a settled bulk 
density (SBD) of 27 lb/ft 3 and an average particle size (APS) of 0.027 inch. It was obtained from reactor 14 at 
25 a productivity of 3200 lb/lb or 14.3 x 10 6 g/g-atom Ti based on the weight of partially activated catalyst utilized 
in the reaction as determined by residual metal analysis, and had a fraction of HMW component (X-j) of 0.56. 

Using standard procedures, the granular bimodal polymer was formed into pellets which had the following 
properties: Fl, 28 g/10 min.; melt flow ratio (MFR, the ratio of Fl to Ml), 71; density 0.953 g/cc; heterogeneity 
index (HI, the ratio of Fl of granular to pelleted resin), 1 .37; and a relatively low gel content. The relatively low 
30 value of heterogeneity index indicates a fairly high degree of inter-particle homogeneity probably caused by 
substantial blending of HMW and LMW polymer in each resin particle. 

Using a Kautex blow molder, the pelleted resin was formed into a 16 oz. ASTM bottle which had a weight 
of 24.7 g and exhibited a diameter swell of 2.02. The bottle was used for the pressurized environmental stress 
cracking resistance test (ESCR, ASTM D-1693) under the following conditions: 10 psi, 1/4 filled, 10% Igepal 
35 nonionic surfactant, 60°C. The bottle had a pressurized ESCR of 406 (F 50 , hr.) and a top load strength 7.66 lb. 

Example 2 

The procedure of Example 1 was followed using slightly different process conditions as shown in Table 111. 

40 

flable HI 



Reactqr 1 fHMW) F sacter 14 flMW) 



Tenp. (°C) 


80.0 


105.0 


PC 2 = (psi) 


32.0 


94.7 




0.032 


1.07 


C 6 /C 2 ratio 


0.032 


0.0 


TEAL (ppnw) 


345 


138 


Throu#iput (lb/hr) 


23 


64 


Resid. Tine (hrs) 


4.0 


3.1 


Cat. feed (g/hr) 


9.7 


0.0 



The HMW polymer produced in reactor 1 had an Fl of 0.57 g/10 min and a density of 0.927 g/cc, and the 
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LMW polymer produced in reactor 14 was determined by backaveraging to have an Ml of 81 g/10 min. and a 
density of 0.976 g/cc. The properties of the bimodal resin obtained from reactor 14 in both granular and pelleted 
form are shown in Table IV. 

Table IV 



Granular Pelleted 
10 FI (g/10 min) 41.4 FI, g/10 min. 26 

Density (g/cc) 0.956 MFR 98 



15 



20 



25 



30 



35 



40 



45 



SBD (lb/ft 3 ) 27 Density, g/cc 0.955 



APS (inch) 0.028 HI 1.59 

Productivity 
(lb/lb solid cat) 3000 



Productivity 
(g/g atcm Ti) 13.4 x 10 6 



Bottles (Asm, 16 oz) blew molded fran the pelleted 
resin had the properties shown in Table V. 

Table V 

Weight (g) 26.3 

Diameter Swell (indies) 2.12 



ESCR, F 5Q (hr) 406 



Top Load (lb) 8.12 



The properties of the bottles blow molded from the bimodal resin produced in Examples 1 and 2 is allow 
for the production of thinner bottles and/or blending with recycle resin while still achieving specified minimum 
50 ESCR's. 

Example 3 

The polymerization procedure of Examples 1 and 2 was followed except that the conditions of reaction were 
55 controlled to produce a relatively high molecular weight, high density film resin. Such conditions are shown in 
Table VI. 



9 



EP 0 503 791 A1 

Table VI 







Reactor 1 


Reactor 14 


5 


Temp. (°C) 


80.0 


104 9 




PC 2 = (psi) 


36 


105 




tyc^ ratio 


0.023 


1.72 


10 


C 6 /C 2 ratio 


0.027 


0.024 




TEAL (ppraw) 


382 


240 




Ttrrcuc^iput (Ib/hr) 


27 


43 


15 


Resid. Tijne (hrs) 


3.8 


4.8 


Cat. feed (g/hr) 


7.7 


0.0 



The HMW polymer produced in reactor 1 had an Fl of 0.35 g/10 min. and a density of 0.955 g/cc and the 
LMW polymer produced in reactor 14 was calculated to have an Ml of 427 g/10 min. and a density of 0.963 
20 g/cc. The properties of the bimodal resin obtained from reactor 14 are shown in Table VII. 

labia VII 

Granular- 

25 FI (g/10 min.) 5.04 

Density (g/oc) 0.945 

30 Fines (wt.%) 0.7 

SBD (lb/ft 3 ) 25.0 
APS (inch) 0.027 

Productivity (lb/lb solid cat.) 2730 

5 Productivity (g/g atom Ti) 12.2 x 10 6 

^ 0.62 

40 Pelleted 

Fl (g/10 min.) 4.1 
MFR 67 

Density (g/cc) 0.945 
45 H1 1.23 

Gels Moderate 

The bimodal resin could be formed with good processability into films of superior mechanical properties. 
Example 4 

50 

The catalyst utilized in this example was similar to that employed in Examples 1 to 3 except that the sili- 
ca-supported Ti/Mg complex was not pre-reduced or partially activated with tri-n-hexylaluminum. The catalyst 
contained 1.13 wt.% Ti, 1.95 wt.% Mg, 8.22 wt.% CI, 15.4 wt.% THF, and 1.41 wt.% Al. 

The polymerization procedure of Examples 1 to 3 was generally followed using the specific process con- 
55 ditions shown in Table VIII. 
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Table VIII 
Reactor 1 Reactor 14 

Temp. (°C) 75 105 

PC " (psi) 55 5 85 +7 



c#*£§2 2:o34 5 + : <>•«>♦ o. 03 3 + : 0.003 

TEAL (PFMW) 280 110 



Throughput (lb/hr) 28 51 
Reside Time (hrs) 2.8 3.4 
Cat. feed (g/hr) 8.5 o.O 

Properties of the HMW polymer produced in reactor 1 were as shown in Table IX. 

Table IX 



FI (g/10 min) 0.35 - 0.45 
Density (g/oc) 0.929 - 0.931 
SBD (lb/ft 3 ) 18 
Fines (wt.%) 1.9 
APS (inch) 0.023 

Ptxductivity (lb/lb solid cat.) 1500 
Productivity (g/g atom Ti) 6.7 x 10 6 
Properties of the bimodal resin obtained from reactor 
14, either granular car after pelletization, are shown in Table X. 

Table X 
Granular 

SBD (lb/ft 3 ) 24 
Fines (wt.%) 1.9 
APS (inch) 0.026 

Productivity (lb/lb solid cat) 3300 
Productivity (g/g atom Ti) 14.8 x 10 6 

Pelleted 



FI (g/10 min) 5 -8.5 
Density (g/cc) 0.944 - 0.946 
MFR95-105 

Surprisingly, it was found that the non-prereduced catalyst of this example yielded a granular bimodal resin 
having a commercially acceptable settled bulkdensity (SBD) of 24 lb/ft 3 when used in the tandem mode process 
of this invention, whereas prereduction of the silica-supported Ti/Mg complex has been found to be necessary 
to obtain the level of SBD when the catalyst is used in a single stage gas phase fluidized bed process. 

Example 5 

A catalyst was prepared as follows: 314.5 grams of Davison 955 grade silica, previously calcined at 600°C 
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for 12 hours, was transferred into a 4-neck, 3-liter round bottom flask fitted with an overhead stirrer and under 
a slow nitrogen purge. The flask was placed into an oil bath at 60-65°C and about 1200 ml of dry hexane and 
189 mi of dibutylmagnesium (1.02 Molar solution in heptane) were added. The contents of the flask were stirred 
for about one hour, after which 21 .7 ml of titanium tetrachloride, diluted with about 75 ml of dry hexane, were 
5 added. After about one hour, the solvents were removed by rapid evaporation aided with a nitrogen purge. Yield: 
341 grams of dark brown free-flowing powder. Analysis: Mg = 1.33 wt.%; Ti = 2.94 wt.%; CI = 8.17 wt.%; silica 
= 84.3 wt.%. 

In a simulated test for the suitability of this catalyst in the tandem reactor process of this invention, such 
catalyst was used to prepare an HMW copolymer of ethylene and n-hexene. The catalyst was used in in a pilot 

10 plant gas phase fluidized bed reactor having a bed volume of 4.0 ft 3 and operated at a reactor temperature of 
75°C, a total pressure of 350 psig, an ethylene partial pressure of 83 psi, an H 2 /C2 molar ratio of 0.08, a Ce/C 2 
molar ratio of 0.037, a use of trimethylaluminum (TMA) cocatalyst in an amount of 1 80 ppmw, and a productivity 
of 1300 lb/lb solid catalyst to produce an HMW copolymer having an Fl of 1.2 g/10 min., a flow ratio (FR) of 
16.0 and a density of 0.936 g/cc. The flow ratio is defined as the flow index, defined previously, divided by an 

15 intermediate load melt index (l 5 ) measured at 190°C in accordance with ASTM D-1238, Condition P, under a 
load of 5 kilograms. 

The foregoing HMW copolymer was melt blended with an LMW linear ethylene homopolymer having a melt 
index of 200 g/10 min. and a density of 0.974 g/cc using a twin-screw Brabender extruder to obtain a blend 
having HMW and LMW fractions of 0.5, an Ml of 0.32 g/10 min. an Fl of 36 g/10 min., an MFR of 112 and a 
20 density of 0.957 g/cc. With regard to blow molding properties, the blend has an annular die swell (ADS)-weight 
of 0.69 g/inch an ADS-diameter of 2.12, and a relatively low melt fracture roughness of 100 microinches. 

The foregoing data indicates that the catalyst of this example is suitable for use in the tandem gas phase 
process of this invention to produce a bimodal resin having satisfactory properties for blow molding applications. 

25 Example 6 

A catalyst was prepared as follows: 255.9 grams of Davison 955-600 silica were transferred into a 4-neck 
3-liter round-bottom flask fitted with an overhead stirrer kept under a slow purge of nitrogen. Dry heptane in an 
amount of 1200 ml was added to the flask which was placed into an oil bath set at 60-65°C. Then, 181 ml of a 

30 1.02 Molar solution of di-n-butyl magnesium (DBM) in heptane were added dropwise using an addition funnel. 
After 90 minutes, 30.5 ml of titanium tetrachloride diluted in about 100 ml of heptane were added to the 
silica/DBM slurry and stirred for 10 minutes. The heptane was removed by evaporation with a strong nitrogen 
purge for 6 hours and 286 grams of brown, free-flowing catalyst powder were recovered which analyzed as 
follows: Mg = 1.6 wt. %, Ti = 3.27 wt%, and CI = 9.97 wt.%. 

35 The HMW polymerization procedure of Example 5 was followed under the following specific conditions: 

the ethylene partial pressure was 72.6 psi, the H2/C2 ratio was 0.09, the Ce/C^ ratio was 0.039, the cocatalyst 
was diisobutylaluminum hydride (DIBAH) in an amount of 330 ppmw, and the productivity was 2200 lb/lb solid 
catalyst to produce an HMW copolymer having an Fl of 1.5 g/10 min., an FR of 16 g/10 min, and a density of 
0.938 g/cc. 

40 The foregoing HMW copolymer was melt-blended as described in Example 5 with an LMW ethylene 

homopolymer having an Ml of 86 g/10 min. and a density of 0.977 g/cc to produce a bimodal polymer blend 
having HMW and LMW fractions of 0.5, an Ml of 0.32 g/10 min., an Fl of 32 g/10 min. an MFR of 100 and a 
density of 0.955 g/cc. On blow molding this blend, it exhibited an ADS-weight of 0.67, an ADS-diameter of 2.06 
inch, and a low melt fracture roughness. 

45 The results of this example indicates that catalysts based on silica, di-n-butylmagnesium and titanium tet- 
rachloride with DIBAH as a cocatalyst are suitable for use in the process of this invention to produce superior 
blow molding resins at relatively high overall productivities. Similar results could be obtained with triisol- 
butylaluminum (TIBA) as a cocatalyst with the described primary catalyst. 

50 Example 7 

The catalyst was prepared as follows: In part A of the preparation, 289.5 grams of Davison 955-800 silica 
having a nominal average particle size of 50 microns were transferred into a 4-neck 3-liter round bottom flask 
fitted with an overhead stirrer and under a slow purge of nitrogen. About 1500 ml of dry tetrahydrofuran (THF) 
55 were added to the flask which was placed into an oil bath set at 60-65°C. Next 184 ml of a 2.0 Molar solution 
of ethylmagnesium chloride in THF was added dropwise using an addition funnel to the silica/THF slurry. After 
10 minutes, the THF was removed by distillation to yield a white free flowing powder. The powder was dried 
for 16 hours under a slow nitrogen purge with the oil bath set at 80-85°C, and, except for 2 grams which were 
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10 



removed from the flask, constitute the part A product. The powder was found to contain 6.0 wt% of THF. 

In part B of the preparation, 1500 mis of heptane as received was placed into a 3-liter round bottom flask, 
and 162 ml of neat titanium tetrachloride was added dropwise to the heptane using an addition funnel. This 
solution was then siphoned into the part A product. The slurry was stirred for 1 .5 hours with the oil bath at 80- 
85*C after which the silica was allowed to settle and the reaction solution was decanted through a gas dispersion 
tube under a slight nitrogen pressure. The silica was then washed six times with about 1500 mis of dry hexane. 
After the last wash, the silica was dried with a nitrogen purge to yield 370 grams of a very light tan catalyst 
precursor. Analysis: Mg = 2.52 wt.%, Ti = 3.36 wt.%, THF = 3.2 wt.%. 

The foregoing catalyst was used to carry out a two stage, HMW first, gas phase fluidized bed process in 
the tandem mode as illustrated in the drawing and similar to that described in Example 1 , under conditions such 
as to produce a superior high molecular weight, high density ethylene polymer film resin. As cocatalyst, 
triethylaluminum (TEAL) was fed to the first (HMW) reactor and trimethylaluminum (TMA) to the second (LMW) 
reactor. Ranges of reaction conditions employed are shown in Table XI. 



15 



Table XI 



20 



25 



30 



Temp. (°C) 
PC 2 = (psi) 
lyc^ ratio 



ratio 



TEAL (ppratf) 
IMA (ppntf) 
Product (lb/hr) 
Resid. Time (hrs) 
Cat, feed (g/hr) 
(precursor) 



Reactor 1 (HMtt 
75-80 
40-60 
0.030-0.040 
0.025-0.040 
250-300 
none 
26 
2.8 

6.7-7.2 



Reactor 14 (IMP 
95-105 
85-105 
1.9-2.2 
0.030-0.040 
none 
80-110 
24 
3.2 
none 



35 



40 



45 



In addition to the conditions shown in Table XI, the cycle time for the transfer of polymer and catalyst from 
HMW reactor 1 to LMW reactor 14 was 2.5-3 min., the weight of polymer and catalyst per cycle was 2-4 lb, and 
the residence time of the polymer and catalyst in transfer hose 15 was 30-45 sec. 

The HMW polymer leaving reactor 1 was found by direct measurement to have an Fl of 0.2-0.6 g/10 min., 
an FR of 15-17 g/10 min. a density of 0.928-0.939 g/cc, a fines content of 5 wt.%, an SBD of 21 lb/ft 3 , and an 
APS of 0.025, and was produced at a productivity of 1 .7-1.8 kg polymer/g catalyst, and the LMW polymer formed 
in reactor 15 was calculated from a single reactor process model to have an Ml of 200-400 g/10 min. and a 
density of 0.955-0.963 g/cc and was determined by difference to be produced at a productivity of 1.5-1.6 kg 
polymer/g catalyst. The bimodal resin obtained from reactor 14 had an Fl of 5-1 1 g/1 0 min., an MFR of 125-140, 
a fines content of 4 wt.%, an SBD of 26 lb/ft 3 , an APS of 0.026 and an HMW fraction (X-,) of 0.5-0.6 and was 
produced at a productivity of 3200 kg polymer/g catalyst. 

The bimodal resin of this example was blow extruded into a film of 0.5 ml thickness at a melt pressure of 
7250 psi and with good bubble stability. The film had a Dart drop (F 50> g) of 395 (ASTM D-1709). 



50 



55 



Example 8 

A catalyst was prepared as follows: as a support, 402,6 g MgO (obtained from the Calgon Division of Merck, 
designated R 1 91 8) were dried for over 60 hours under flowing purified N 2 to a dry weight of 392.9 g. The support 
was slurried in purified hexane and 0.01 mole 2-ethyoxi benzoic acid (2-EBA)/mole MgO (14.8 cc neat 2-EBA) 
was added and refluxed 4 hours. After cooling to room temperature, 8 mmol neat TiCU/g dried MgO (346 cc 
TiCU) were added dropwise to the 2-EBA-treated MgO, then refluxed 16 hours. The resulting solid was washed 
ten times with about 1 000 cc of fresh, purified hexane each time, until there was no free TiCI 4 left in the washings. 
This catalyst precursor slurry was pre-reduced with tri-n-hexylaluminum (TnHAI- - 1 39 cc) at room temperature 
to give an Al/Ti ratio of about 0.25, based on an assumed Ti content of 1 mmol Ti/g finished catalyst. The pre- 
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reduced catalyst was then dried at room temperature under flowing N 2 . The finished catalyst contained, by 
weight, 4.48% Ti, 0.70% Al, and 10.0 % CI, and had Al/Ti molar ratio of 0.28 and a Ci/Ti molar ratio of 3.00. 

HMW polymerization and melt blending procedures were used similar to those of Examples 5 and 6 under 
the following specific conditions: ethylene partial pressure, 99 psi; H 2 /C 2 molar ratio 0.14; C^C 2 molar ratio 0.03; 
5 nature of cocatalyst, DIBAH fed in an amount of 560 ppmw; and a productivity of 1 350 lb/lb solid catalyst. 

The HMW copolymer produced in the gas phase fluidized bed reactor had an Fl of 1.5 g/10 min., an FR 
of 17.5 g/10 min. and a density of 0.937 g/cc. The HMW copolymer was melt blended with an LMW ethylene 
homopolymer having an Ml of 190 g/10 min. and a density of 0.979 g/cc to produce a bimodal polymer blend 
having a HMW fraction of 0.5, an Ml of 0.36 g/10 min., an Fl of 38 g/10 min. an MFR of 106, and a density of 
10 0.956 g/cc. On blow molding this blend, it exhibited an ADS-weight of 0.71 g/in. an ADS-diameter of 2.10, and 
low melt fracture roughness. 

The results of this example indicate that the described catalyst is suitable for the production of bimodal 
resins with properties of sufficient swell and low melt fracture which are highly desirable for blow molding appli- 
cations. 

15 

Example 9 

A catalyst was prepared as follows: A sample of MgO support (Merck-Magi ite D) was dried in a 500 ml 
3-neck flask under nitrogen at 250°C for 1 6 hours without stirring. 30.8 grams of this dry MgO support was then 

20 slurried in 200 ml of dry hexane in a 500-ml 3-neck flask and refluxed for 16 hours with 1.22 ml. of n-octanoic 
acid at 0.01 molar ratio of the acid to the MgO. A dilute pentanol solution was prepared by adding 53.5 ml of 
pre-dried 1-pentanol (0.494 mole) to 45 ml of dry hexane in another flask. To avoid a rapid isotherm, 54.4 ml 
of neat TiCI 4 (0.494 mole) were added dropwise to the 1-pentanol solution to form the titanium compound sol- 
ution. The (1:1 pentanol/TiCI 4 ) solution was immediately added to the octanoic acid-treated MgO at room tem- 

25 perature. The slurry was refluxed at 70*C for 16 hours and allowed to cool. The catalyst precursor was washed 
6 times with 100 ml of dry hexane and was re-slurried with 200 ml of dry hexane, and 12 ml of 25 wt.% tri-n- 
hexylaluminum (TnHAI) solution (7.66 mmole TnHAl) was slowly added (about 3 minutes) to form a catalyst 
having an Al/Ti ratio of 0.23. The catalyst was dried for 16 hours at 65°C under nitrogen purge, to give a free- 
flowing light brown powder. Elemental analysis indicated that the finished catalyst contained 1.1 mmoles/g of 

30 Ti. 

HMW polymerization and melt blending procedures were used similar to those of Examples 5, 6 and 8 under 
the following specific conditions: polymerization reactor temperature, 74°C; catalyst feed, 6.5 g/hr; ethylene par- 
tial pressure, 43 psia; H2/C2 molar ratio, 0.067; CVC2 molar ratio, 0.058; nature of cocatalyst TEAL, fed in an 
amount of 300 ppmw; and productivity, 2300 lb/lb solid catalyst. 

35 The HMW copolymer had and Fl of 0.41 g/1 0 min., a density of 0.9295 g/cc, an SBD of 23.5 lb/ft 3 and an 

APS of 0.019 inch. The HMW copolymer was melt blended with an LMW ethylene homopolymer having a Ml 
of 250 g/10 min and a density of 0.960 g/cc to produce a bimodal polymer blend having an HMW fraction of 
0.58 , a Ml of 0.04 g/14 min., a Fl of 6.1 g/10 min., a MFR of 153 and a density of 0.95 g/cc. The bimodal blend 
was blow extruded at a maximum line speed of over 300 ft/mi n. and good bubble stability into a film of 1 mil 

40 thickness. The film had an average Dart Impact of 275 g (F50) with an average machine direction (MD) Tear of 
29 g/mil and an average transverse direction (TD) Tear of 41 g/mil (ASTM D 1922). 

The foregoing results indicate that the catalyst of this example can be used in the tandem gas phase pro- 
cess of this invention to make bimodal resins which can be blow extruded with good bubble stability into films 
of superior mechanical properties. 

45 

Example 10 

The following catalyst preparation was conducted under a nitrogen atmosphere by using Schlenk techni- 
ques. 250.8 grams of 955-600 silica (Davison 955 silica calcined at 600°C for 4 hours) was placed in a 3-liter, 

so 4-necked flask equ ipped with a nitrogen inlet and a dropping funnel . The silica was slurried with 1 500 ml of dry 
heptane, and the mixture was stirred with a mechanical stirrer. The slurry was then heated to 50-55°C and then 
250.8 mmol of dibutyl magnesium was added to the mixture over a 15 minute period. After stirring for 1 hour, 
330.7 millimoles of carbon tetrachloride (CCI 4 ) in 75 mis of heptane were added to the mixture. After stirring 
for an additional 1 hour, 250.8 millimoles of TiCI 4 in 75 mis of heptane were added. The mixture was stirred for 

55 another 1 hour at 50-55°C and then dried with flowing nitrogen for 7 hours to yield a free-flowing catalyst weigh- 
ing 310 grams. Elemental analysis of this catalyst showed that it contained 3.19 wt.% Ti and 2.09 wt.% Mg. 

The catalyst was used to prepare a HMW copolymer in a 4 ft 3 gas phase fluid bed reactor under the following 
reactor conditions: 74°C bed temperature; 32 psi of ethylene; H2/C2 molar ratio of 0.035; Cq/C 2 molar ratio of 
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0.030; DIBAH cocatalystfeed at 570 ppmw. At an average catalyst feed rate of 4.4 grams/hr, an average pro- 
ductivity of 2300 lb polymer/lb catalyst was attained. Production rate averaged 23 Ib/hr which resulted in an 
average residence time of 3.0 hours. The HMW copolymer was a 0.41 Fl, 0.931 g/cc density product with a 
FRof 18. 

5 The foregoing results indicate that the described catalyst is suitable for carrying out the gas phase, tandem 

reactor process of this invention. 



Claims 

10 

1. A process for producing a bimodal ethylene polymer blend which process comprises: 

contacting in a first gas phase, fluidized bed reaction zone under polymerization conditions, a 
gaseous monomeric compositon comprising a major proportion of ethylene and, optionally, hydrogen, with 
a Ziegler-Natta or coordination catalyst comprising a transition metal compound as primary catalyst com- 
15 ponent and an organometallic compound or metal hydride as reducing cocatalyst, the hydrogen/ethylene 

molar ratio (H2/C2 ratio) being no higher than about 0.3 and the ethylene partial pressure being no higher 
than about 100 psia, to produce a relatively high molecular weight (HMW) polymer associated with catalyst 
particles; 

transferring the HMW polymer associated with catalyst particles to a second gas phase, fluidized 
20 bed reaction zone into which is also fed hydrogen and a gaseous monomeric composition comprising a 

major proportion of ethylene, but no additional transition metal component of the catalyst, under polym- 
erization conditions including a H2/C2 ratio of at least about 0.9 and at least about 8.0 times that in said 
first reaction zone, and an ethylene partial pressure of at least 1.7 times that in said first reaction zone, 
to produce a low molecular weight (LMW) polymer deposited on and within the voids of the HMW 
25 polymer/catalyst particles, the resulting bimodal polymer blend obtained from the second reaction zone 

having a fraction of HMW polymer of at least about 0.35. 

2. A process according to claim 1 wherein the monomeric composition fed to either or both reaction zones 
comprises a minor amount of a 1 -olefin containing 3 to 10 carbon atoms as comonomer. 

30 

3. A process according to claim 2 wherein the 1 -olefin is 1-hexene. 

4. A process according to any preceding claim wherein the monomeric composition entering the first reaction 
zone comprises ethylene and a comonomer, the molar ratio of comonomer to ethylene to comonomer 
being from 0.04 to 0.7 and the monomeric composition entering the second reaction zone consists essen- 

35 tially of ethylene. 

5. A process according to any preceding claim wherein the HJC 2 ratio in the first reaction zone is from 0.005 
to 0.3 and the WJ0 2 ratio in the second reaction zone is from 0.9 to 5.0. 

40 6. A process according to claim 5 wherein the H2/C2 ratio in the second reaction zone is from 1 .0 to 3.5, and 
is from 10 to 200 times the H 2 /C 2 ratio in the first reaction zone. 

7. A process according to any preceding claim wherein the ethylene partial pressure in the first reaction zone 
is from 15 to 100 psia, the ethylene partial pressure in the second reaction zone is from 25 to 170 psia, 

45 and the ratio of ethylene partial pressure in the second reaction zone to that in the first reaction zone is 

from 1 .7 to 7.0. 

8. A process according to claim 7 wherein the ethylene partial pressure in the first reaction zone is from 20 
to 50 psia, the ethylene partial pressure in the second reaction zone is from 70 to 120 psia, and the ratio 

oo of ethylene partial pressure in the second reaction zone to that in the first reaction zone is from 2.0 to 4.0. 

9. A process according to any preceding claim wherein the fraction of HMW polymer in the product obtained 
from the second reaction zone is from 0.35 to 0.75. 

10. A process according to claim 9 wherein the fraction of HMW polymer is from 0.45 to 0.65. 

55 

11. A process according to any preceding claim wherein the temperature in the second reaction is at least 
about 10°C higher than that in the first reaction zone. 
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12. A process according to claim 1 1 wherein the temperature in the second reaction zone is from 30 to 60°C 
higher than that in the first reaction zone. 

13. A process according to any preceding claim wherein the transition metal of the catalyst is from Groups 
IVb, Vb or Vlb of the periodic table. 

14. A process according to claim 13 wherein the transition metal is titanium. 

15. A process according to any preceding claim wherein the metal of the reducing cocatalyst is from Groups 
la, Ma or Ilia of the periodic table. 

16. A process according to claim 15 wherein the metal of the reducing cocatalyst is aluminium. 

17. A process according to any preceding claim wherein an additional amount of reducing cocatalyst is added 
to the second reaction zone. 
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